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In the present paper, proteins with glucose or fructose were incubated in the presence of several low-molecular weight compounds (LWCs) which can be expected to react readily with 3DG. The inhibition mechanism by LWCis discussed.
Lysozyme (Seikagaku Kogyo) was used in this experiment, lO mg/ml being incubated with 0.2m D-glucose or D-fructose (Kanto Chemical) in 0.2 m sodium phosphate buffer (pH 7.4) including 3mM NaN3 at 50°C for 7 days. An LWC was added to each of these reaction systems. After incubating, each reaction mixture (100/xl) was reduced with 400 /A ofNaBH4 (1 mg/ml) at 4°C for 30min, and then extensively dialyzed against distilled water, before the non-dialyzable fraction was lyophilized. Protein was hydrolyzed with 6n HC1in evacuated tubes at 110°C for 24hr and then analyzed with a Hitachi Model 835 amino acid analyzer.
For the analysis of furosine, protein incubated with glucose was hydrolyzed without treating by NaBH4.
Sodium dodesyl sulfate (SDS) polyacrylamide gel electrophoresis and the determination of 3DG in the reaction mixture were performed by the methods given in a previous paper. 5) The degree ofpolymerization of protein is expressed as the percentage of oligomers and polymers compared to that in the control incubated without sugars, 1435 as reported in a previous paper.5) All LWCswere obtained from Nacalai Tesque Inc, and 7V-acetylarginine and guanidine hydrochloride were selected as potent reactants against 2-oxoaldehydes. Cysteine and glutathione were used as reducing agents throughout the Maillard reaction, and aminoguanidine and semicarbazide were selected as potent nucleophilic compounds. Serine and 2,3-diaminopropionic acid were used as references in order to investigate the effect of functional groups in the tested compounds. Amongthe tested compounds, aminoguanidine (AG) and semicarbazide (SC) were used to elucidate the inhibition mechanism for the polymerization of lysozyme. The experimental results are summarized in Table II . Lysine residues are considered to have been mostly The degree of polymerization is expressed relative to the figure of 100 for the case of lysozyme-reducing sugar systems at 50°C for 7 days without lowmolecular-weight compounds. a The degree of polymerization of lysozyme is expressed as the percentage of oligomers and polymers compared to that of the control incubated without reducing sugars. * The remaining amounts of lysine and arginine residues are expressed as percentages compared to that of the control. In the lysozyme-reducing sugar systems, an impairment of amino acid residues was observed for the lysine and arginine residues, but none of the other amino acid residues were impaired. Tryptophan residues were not analyzed in this experiment. c The relative amount of furosine is expressed as a percentage compared with that in an acid hydrolyzate of the lysozyme-glucose reaction system without an inhibitor. Amadoricompoundsin the lysozyme-glucose system or directly from fructose in a lysozyme-fructose system.5) In the lysozyme-glucose system, SC inhibited someof the damageto lysine residues and completely that to the arginine residues. Accordingly, SC is considered to inhibit the Maillard reaction at both the early and advanced stages. On the contrary, AGis speculated to inhibit the Maillard reaction only at the advanced stage.
Furosine was decreased by the addition of SC, indicating that SC can react to Amadori or Schiff compounds, while AGhad no effect on the formation of furosine. These findings support the proposed inhibition mechanism by SC and AG. Wehave reported that 3DGwas one of the major carbonyl intermediates.5) Table II shows that AGcould readily react with 3DGformed in both reaction systems. In the lysozyme-fructose system, AGand SC inhibited most of the damage to arginine residues, and simultaneously inhibited the polymerization of lysozyme. The degree of polymerization of lysozyme by fructose was higher than that by glucose as shown in Table II . The results are understandable from a previous paper5) that 3DGand other 2-oxoaldehydes were formed in the reaction mixture of lysozyme with fructose more than 2 times in the case of the lysozyme-glucose reaction system. Accordingly, the strong inhibition of lysozyme polymerization by AGand SC in the lysozyme-fructose system is considered to have been due to the fast reaction of AG and SC with 3DGthat was formed in the early reaction stages.
In conclusion, aminoguanidine is considered to inhibit the advanced stage by selective modification against 3DG. On the other hand, semicarbazide is speculated to inhibit both the early and advanced glycation stage of proteins.
